Background and study aims UK Bowel Cancer Screening flexible sigmoidoscopy (BowelScope) currently offers patients aged 55 a one-off flexible sigmoidoscopy for adenoma clearance to decrease colorectal cancer incidence by interrupting the adenoma-carcinoma sequence. Recent evidence has shown maximum benefit in increasing adenoma detection rate (ADR) using the Endocuff Vision device in the left side of the colon and in screening patients. Currently, ADR is low and shows unacceptable variation in BowelScope. ADR is a quality indicator in screening sigmoidoscopy and higher rates have been shown to reduce colorectal cancer incidence.
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Patients and methods This will be a prospective, multicenter, UK-based randomized controlled trial (RCT) comparing ADR in Endocuff-assisted versus standard bowel cancer screening flexible sigmoidoscopy (BowelScope). All patients aged 55 to 61 years invited to BowelScope screening and able to give informed consent will be eligible for recruitment. Exclusion criteria include absolute contraindications to flexible sigmoidoscopy, known or suspected large bowel obstruction or pseudo-obstruction, colonic strictures or polyposis syndromes, known severe diverticular segment, active colitis, inability to give informed consent, anticoagulation precluding polypectomy and pregnancy. Patients will be randomized on the day of procedure to Endocuff-assisted flexible sigmoidoscopy or standard flexible sigmoidoscopy, stratified by age group and sex. Baseline, endoscopy and polyp data were collected as well as nurse and patient assessment of comfort. Polyp histology was collected when available. Patients will be asked to return a comfort questionnaire the following day and were followed up for 14 days for complications. The study will take place across 12 to 20 hospital trusts across the UK and recruited 3222 patients.
Introduction
Colorectal cancer (CRC) is the fourth most common cancer in the UK with 40,000 new cases diagnosed annually [1] . Most CRCs arise from the adenoma-carcinoma sequence which is a process that can take up to 10 years [2] . Patients diagnosed at the earliest stages of the disease have a 5-year survival rate of 93.2 % compared to 6.6 % during the advanced stages of the disease [3] . Population screening programs allow for earlier detection and removal of adenomas that may become malignant over time, improving outcomes following CRC diagnosis and reducing CRC mortality [4] . Following a large trial of one-off flexible sigmoidoscopy and adenoma clearance as a screening procedure across 14 UK centers in 170,432 patients demonstrating a 50 % reduction in incidence of distal and sigmoid cancers [5] , this procedure was rolled out nationally as the English Bowel Scope Screening (BSS) program in 2013. BSS invites adults aged 55, with 56-to 60-years-olds able to opt-in, for a one-off flexible sigmoidoscopy on the basis that adenoma clearance in adults aged 55 to 64 years reduces CRC incidence by 23 % and mortality by 31 % in intention to treat analysis [5] .
Adenoma detection rate (ADR) is the most important marker of mucosal visualization and a surrogate marker of high-quality colonoscopy [6] . A 1 % increase in ADR is associated with a 3 % decrease in interval colorectal cancer [7] . In the NHS BCSP, ADR has been reported at 29 % in women and 43 % in men undergoing colonoscopy after positive fecal occult blood testing [8] . In the BSS program of one-off flexible sigmoidoscopy, national ADR is comparatively lower at 8.8 % (Claire Nickerson, personal communication, March 21, 2016) with a wide variation of 7 % to 12 % between endoscopists [9] . Similar flexible sigmoidoscopy screening programs in Europe have demonstrated ADRs of 15 % [10] and 18 % [11] although the reasons for that are likely to be multifactorial relating to differing populations. Another marker that is often used is adenoma miss rates, which also demonstrate a wide variation of 6 % to 27 % in clinical practice [12, 13] . Reasons for lesions not being detected at flexible sigmoidoscopy can be extrapolated from colonoscopy data and include suboptimal technique; shorter withdrawal time; inadequate bowel preparation; presence of flat, depressed or subtle lesions; and inability to visualize the proximal side of haustral folds, flexures (blind spots) and rectal valves [14, 15] .
A device such as the Endocuff Vision is likely to have the greatest benefit in the sigmoid and distal colon, where mucosal visualization is most impaired by mucosal folds. The ADENOMA study was a randomized controlled trial comparing use of Endocuff Vision-assisted colonoscopy versus standard colonoscopy [16] . There was no suggestion of adverse impact on overall patient experience or screening uptake. The trial demonstrated a significant improvement in ADR, more so in the left colon and in patients examined as part of the NHS Bowel Cancer Screening Programme (asymptomatic patients).
Bowelscope screening will only achieve its desired effect if adenoma detection is optimal. In the current program, adenoma detection rates are lower than in the flexible sigmoidoscopy trial and there is wide variation. It is imperative that ADR is improved to a level more consistent with cancer prevention levels demonstrated both in the original flexible sigmoidoscopy screening trial [5] and in other programs. In addition, the ADR of endoscopists with lower ADRs should be improved.
With the aid of the colonoscopic cuff Endocuff Vision, we will aim to improve visualization of the colonic mucosa by flattening colonic folds and manipulating them away from the field of forward view. This clinical randomized study will be conducted in subjects referred and scheduled for screening flexible sigmoidoscopy via the NHS English Bowel Scope Screening (BSS) Programme and compare Endocuff Vision-Assisted flexible sigmoidoscopy (EAFS) with standard flexible sigmoidoscopy (SFS).
Patients and methods
The Endocuff Vision (ARC Medical Design Ltd and Diagmed, UK) is a device (CE marked in UK) made of a soft plastic material with a unique dynamic shape (▶ Fig. 1 ). The core is made of polypropylene and the "finger-like" projections are made of a thermoplastic elastomer. Endocuff comes in four color-coded sizes (purple, blue, green and orange) to fit a range of pediatric and adult colonoscopes. The backwards-pointing, flexible, "finger-like" projections are spaced at intervals around the device circumference with the following dimensions in different cuff sizes (length 23.8 mm × diameters 16.1/16.7/17.2/18.5 mm with the finger-like projections folded back and 39.7/39.7/ 39.7/39.66 mm with finger-like projections opened out). The device is mounted at the tip of the scope and held on by friction (pull-off force is a minimum of 10 Newtons). The ADENOMA trial reported no significant cuff-related adverse events. The Endocuff Vision does not appear to adversely affect patient comfort and may in fact enhance patient experience as mucosal views may be more readily achieved without excessive colonic distension or over-insertion of the endoscope.
Use of the Endocuff is contraindicated in patients with known colonic strictures and active inflammatory disorders such as acute infective colitis, active (not quiescent) colonic Crohn's disease, active (not quiescent) ulcerative colitis and acute diverticulitis (▶ Fig.1 ).
Endocuff Vision is placed snugly around the colonoscope tip prior to insertion. It does not project beyond the tip of the scope, providing an unrestricted view. It does not trap fecal residue. It helps anchor the scope tip against the bowel wall to provide a stable platform of access. The soft, elastic projections are pushed back (recoiled) towards the scope shaft during insertion but evert during withdrawal to hold colon folds away from the field of view.
Endocuff Vision may therefore benefit patients by resulting in more accurate examinations with lower rates of missed polyps. It may also benefit NHS and other healthcare providers because of reduced risk of CRC, with fewer polyp "misses," and improved ADRs, with a potential correlating reduction in interval cancer rates
Study objectives
The primary study objective will be to detect a difference in ADR between EAFS and SFS. The secondary objectives will be to: 1) detect a difference in mean adenomas detected per procedure (MAP 2 ) between EAFS and SFS; 2) establish the rate of cuff exchange (that is, how often the cuff has to be removed); 3) demonstrate non-inferiority in complete withdrawal time in procedures where no polyps are detected between EAFS and SFS; 4) compare overall procedure time between EAFS and SFS; 5) measure differences in ADR accounting for patient procedure-based variables (e. g. accounting for extent of examination and bowel preparation); 6) compare the rate of discovered cancers between EAFS and SFS; 7) demonstrate non-inferiority for examination extent for EAFS compared to SFS; 8) demonstrate non-inferiority of patient satisfaction with EAFS compared to SFS; 9) identify any difference in future colonoscopic workload produced by increased ADR in terms of number of patients referred for full colonoscopy between the EAFS and SFS groups; 10) compare the ADR of the first 20 % of patients scoped by each colonoscopist with the last 20 % of patients in each arm to identify any changes in ADR to assess any learning curve effect; and 11) compare the baseline ADR of each colonoscopist prior to trial recruitment with their individual ADR in patients where Endocuff TM Vision was not used.
Study design
This will be a clinical, randomized, multicenter study designed to compare EAFS and SFS in patients participating in the national flexible sigmoidoscopy screening (Bowelscope) programme. Patients will be recruited from 12 to 20 sites around England. Recruitment will begin initially in South Tyneside District Hospital and University Hospital North Tees as part of an "advance test" for no longer than 1 month, to allow for testing of the protocol and data collection process. Any required amendments will then be made before rolling out to the other recruiting sites. To adequately power to detect a 3 % increase in ADR we will recruit 3222 patients. These patients will have been referred for screening flexible sigmoidoscopy at one of the participating sites. All potential participants will be given a study patient information leaflet in advance of their procedure, allowing adequate time to read the information leaflet before consenting to the study. On attending the endoscopy unit for their procedure, they will be approached by a member of the research team and given the opportunity to discuss the study. If they are willing to proceed with the study, they will complete written consent forms, and baseline data will be collected. Patients will then be randomized to either EAFS or SFS using a secure, webbased platform [17] . The procedure will be performed and intra-procedure data collected in a case report form (CRF) by a member of the research team. Any polyps detected and removed will be followed up, and histological diagnosis recorded post-procedure by the research team. All flexible sigmoidoscopes will be calibrated and serviced according to local guidelines. All polyps will be recorded regardless of whether they are removed or not for calculation of MAP 2 rates. It is standard practice to use no sedative or otherwise cognitively impairing medications, thus allowing immediate assessment of patient experience post-procedure.
Patient study participation will be 14 days to allow collection of standard post-flexible sigmoidoscopy complication and data on serious adverse events (SAEs). This is the standard follow up for the Bowel Scope program and was not extended so that trial data are directly comparable with other procedure data. There will be no need for additional follow-up visits as a result of participation. The unit's standard care for patients, including timing of outpatient appointments and results, will not be affected. Data will be collated and analyzed by the research team. Adverse events (AEs) will be collated by the research team, the Trial Manager will discuss them with independent clinicians and report to the Data Monitoring Committee, which will assess the relationship of the AEs to use of the Endocuff Vision device. The results of this discussion will also be presented to the Trial Steering Committee. There are no known complications or AEs associated with Endocuff Vision.
Data collection
Before the procedure, data will be collected on patient demographics (age, gender), past abdominal surgical history, and number of enemas used pre-procedure. During the procedure, data will be collected on polyps detected (total number, plus for each polyp seen, location, size, morphology, removed [Y/ N], removal method); extent of examination (anatomical location and distance in centimeters); insertion time; withdrawal time; quality of bowel preparation; use of carbon dioxide insufflation; presence of diverticulosis; patient satisfaction and comfort scores; and immediate complications. Post-procedure, data will be collected on polyp histology, complications up to 14 days, AEs, and patient comfort post-procedure and postprocedure Day 1.
Inclusion, exclusion and withdrawal criteria and indications for cuff removal
Patients will be included if they are age 55 to 61 years, have been referred for screening flexible sigmoidoscopy, and are able to give informed consent. They will be excluded if they have absolute contraindications to flexible sigmoidoscopy; established or suspicion of large bowel obstruction or pseudo-obstruction; known colon cancer or polyposis syndromes; known colonic strictures; known severe diverticular segment (that is likely to impede sigmoidoscope passage); have known active colitis (ulcerative colitis, Crohn's colitis, diverticulitis, infective colitis); lack the capacity to give informed consent; are on clopidogrel, warfarin, or other new generation anticoagulants that have not been stopped for the procedure, as these will preclude polyp removal; or are pregnant.
Patients with a new diagnosis of polyposis syndrome will be withdrawn from the trial.
Indications for cuff removal are acute angulation in a fixed sigmoid colon, rendering scope insertion not feasible with the Endocuff Vision mounted; new diagnosis of active colitis (where the endoscopist is concerned regarding the risk of mucosal damage); identification of a colonic stricture; and new cancer diagnosis if progression of the colonoscope with the Endocuff Vision attached is not possible.
Endoscopists and training with Endocuff Vision
Trial recruitment will involve endoscopists with a wide range of experience, however, all will have been accredited to undertake BowelScope screening. All endoscopists at participating units will undergo theoretical and practical sessions of training (using DVD tutorials) with Endocuff Vision and will have a lifetime experience of at least 10 cases (flexible sigmoidoscopy or colonoscopy) with the device prior to study commencement.
Adverse events
Risks of AEs for the EAFS, including bleeding and perforation, are believed to be equivalent to SFS. AE rates will be measured and recorded in the patients' medical notes and on case report forms. AEs are defined as any new medical occurrence or worsening of a preexisting medical condition in a patient. All AEs will be grouped according the BCSP Adverse Incident criteria and will be assessed by an Investigator to define the relationship to the Endocuff Vision. All SAEs will be treated clinically as appropriate and reported to the trial team as soon as the research team becomes aware of the event using the studyspecific SAE Form, in line with current GCP guidance. SAEs will be assessed for expectedness, severity and relatedness to the Endocuff Vision device. Any related and unexpected SAEs will be reported to the main NHS research ethics committee within 15 days of the trial team becoming aware of the events, using the National Research Ethics Service SAE form for non-CTIMPs. An event will be considered to be serious if it results in death; is life-threatening; results in hospitalization or prolongation of existing hospitalization (except routine planned admission, including admission for flexible sigmoidoscopy procedures as part of this study); leads to persistent significant disability or incapacity; or is otherwise considered to be medically significant by the investigator.
AEs and SAEs will be recorded for the 14-day period from the day of flexible sigmoidoscopy or until withdrawal. SAEs will be followed until resolution, death, or until resolution with sequelae. In addition, SAEs must be recorded in the Case Report Form in the Adverse Events section. SAEs must be reported even if they are considered to be expected events or unrelated events by the Investigator.
Assessment and follow-up
Clinical follow-up will be according to local unit policy. Flexible sigmoidoscopy-related complications are routinely recorded up to 14 days post-procedure, in keeping with UK NHS Bowel Scope operating procedures. All patients with polyps who require full colonoscopy (according to BCSP guidelines [18] ) will have this recorded in the Case Report Form. BSS defines all procedures as complete if the procedure is commenced, therefore, the extent and limiting factor of the procedure will be recorded. Eligible, consented patients will remain in the study for 14 days following flexible sigmoidoscopy. All AEs will also be reported for the 14-day period post-flexible sigmoidoscopy for all patients in the study. We will review complication data and AEs at 14 days by the most appropriate method for the population at each local site. This will consist of either a phone call to the patient or review of medical notes and hospital databases. If we are aware that a patient presents to a different hospital post-procedure than the hospital where the flexible sigmoidoscopy was performed, we will contact the individual's general practitioner to obtain information regarding the event. No additional visits will be required for patients who enter the study. Any follow-up appointments post-flexible sigmoidoscopy will be as per routine care for the respective unit. The timescale for the outpatient appointment and subsequent care will be unaltered by participation in the study.
Data management
All data will be entered and stored in MACRO [19] , an electronic data collection system that is backed up to a central server. This will allow the data to be entered, reviewed and amended while keeping an audit log. The MACRO system is designed and programmed with controls in place to minimize any data entry errors. Consent forms will be stored for 15 years and trial electronic data and all other appropriate documentation stored for 5 years after the completion of the study, including the followup period, as per CTU policy.
Sample size
The B-ADENOMA study has been powered to detect a 3 % absolute difference in the primary outcome, ADR, as that has been evaluated as a clinically important difference. This would increase the ADR from 8.8 %, as currently found (oral communication, NHS Bowel Cancer Screening Programme national office, November 1, 2016), to 11.8 %. Using a two-sided proportional test with a 5 % significance level and 80 % power, the trial will require 1611 patients per group (3222 overall).
Data analysis
ADR will be compared between the EAFS and FSF groups using chi-squared tests and logistic regression models to take into account any factors that are considered important within the data, i. e. stratification variables. Secondary outcomes will be analyzed for non-inferiority with 95 % confidence intervals (withdrawal and complete procedure time, patient satisfaction and examination extent). The number of adenomas detected per is expected to have a positively skewed distribution and so normality testing and appropriate analysis will be completed following the outcome to compare between the EAFS and FSF groups ADR will be analyzed to ensure patient procedure-based variables, for example, extent of examination and bowel prep, to not introduce bias by artificially reducing the ability to detect adenomas.
Rates of cuff exchange and cancer detection will be calculated, along with 95 % confidence intervals for those allocated to the EAFS group. To assess the difference between the EAFS and SFS groups in proportion of patients who require a follow-up procedure, analysis will be completed in line with that completed on the primary outcome.
To identify changes in ADR over time of the study, the detection rate in the first 20 % of patients per endoscopist will be compared with the detection rate in th last 20 % of their patients. In addition, the ADR for each endoscopist prior to the trial will be compared with their ADR during the trial in cases where Endocuff Vision is not used.
All analyses will be completed on an intention-to-treat basis. Any non-inferiority analysis will additionally be completed on a per protocol basis, which will be considered as a sensitivity analysis for the original results.
Ethical considerations
Ethical approval has been granted via the NHS Research Ethics Committee (REC) prior to the study start, with approval already given by the Bowel Cancer Screening Programme Research Committee. There are no known additional risks to patients associated with use of the Endocuff Vision device. Adding the Endocuff Vision will not add significantly to the duration of the procedure, although if the ADR increases significantly, the procedure may take longer due to increased time to undertake polypectomy. Patients will be informed of the risks associated with standard flexible sigmoidoscopy and consented for the procedures as per standard clinical practice in each center, in addition to a study-specific consent form, which will have been discussed with each patient by the research team. Consent to enter the study will be sought from each participant only after a full explanation has been given, an information leaflet offered, and time allowed for consideration. Signed participant consent will be obtained. Declining participation will have no impact on further treatment or care. The study will be conducted in accordance with the recommendations for physicians involved in research on human subjects adopted by the 18th World Medical Assembly, Helsinki 1964 and later revisions.
Confidentiality will be maintained in line with the Data Protection act under the overall responsibility of the Chief Investigators.
Sponsor and funding
South Tyneside Foundation Trust will be the sponsor for this trial. This study will be conducted using existing BCSP lists. Funding will be provided by ARC Medical Design Ltd to cover the Endocuff Vision devices. Clinical trial unit costs, results analysis and other trial costs are independent of this funding and will be met by portfolio adoption to ensure that NHS support costs are available to support consent and data collection. Principal investigators will be supported by a research team and they will invite, assess, and consent participants, and collect data.
Data monitoring
The Trial Steering Committee will meet every 6 months during the study period. This group will comprise a chair, one independent clinician, one independent statistician and a patient/service user representative. An independent data monitoring committee will be convened and will meet every 4 months from the start of the trial.
The study will be monitored by a clinical trial team and they must be allowed to visit all study site locations periodically to review the quality of the data and the integrity of the study, beginning with an initial visit after recruitment of approximately 20 to 50 patients. The trial manager will perform routine checks of MACRO data entry to ensure validity of the data entered remotely by sites. Full source data verification will occur for a proportion of patients who enter the trial, chosen at random. These patients' trial packs, inclusive of Case Report Forms, will be compared with the medical notes and MACRO entries. Data from the CRF will be uploaded onto the electronic CRF system by the research team thereafter. These data will be anonymized, with only a study number being recorded. At monitoring visits, the trial manager will discuss the conduct of the study with the study team and review the Investigator Site File. CTU staff will provide advice and oversight for this process. In addition, the study may be evaluated by an auditor or regulatory government inspector, who must also be allowed access to all case report forms, source documents, study files and study facilities. Further visits will be triggered by high screening/low recruitment rates or concerns regarding data quality. Remote monitoring through MACRO data submission will occur regularly.
Dissemination
B-ADENOMA has been reviewed and supported by the National Cancer Research Institute Colorectal Cancer Screening and Prevention subcommittee and the British Society of Gastroenterology (BSG). The BSG is committed to disseminating the study findings. Statistical analysis will be performed by the clinical trials unit under the supervision of Professor Colin Rees and the results will be written up in the form of a report by the research and academic team. Findings will be presented to the Trial Steering Group (TSG). Data from the study will be dissemi-nated to participating patients within the study via the Trust's websites. The results will then be submitted for publication in international peer-reviewed journals and presented to the BSG Endoscopy Research Committee, the Bowel Cancer Screening Programme and learned scientific societies. Feedback will be given to regional and national endoscopy leads, maximizing the exposure of findings to endoscopists. Data will also be disseminated to local networks, and at national and international symposia.
